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OMCriptlon 

q^flrntinri rrf the Invention 

and sxtrns© systems. The latter system is acuvaww oy membrane ol many cell types 

» referred to as .issue .actor (TF). Tissue factor * . ^^J^^SS!iZm Factor V.I or I actuated 
and in *hich me brain and .ung are parteulariy nch. UP""™"9 ^ "213 caVactn/ates Factor X to Factor X. . 

Thromb. Res. 44, 527-537 (1987). contains three tandemly repeated Ku- 

Sequence ana^ o. ^^^^^^J^JU^lM. ( ,988): Qi*d et a.., 

a» nitz-type senne protease nhtortory domains. See^e g . wune. a . Eur opean Patent Application No. 

Thromb. Res. 55 , 37-50 (1988); Girard et a.. ^^JJffi JSL^tttt»W0lVI^ 
318.451. pub,«hed May 31. 1989. Bom « ^"^3^^^ h So^.i LACfsfirst Kunta 

colactor Villa) produces me aove enzyme Xa. ^^^^,J3i«hich * ^sponsible for Ca~ binding, 
chain contains,*, NH a -terminal. ^arboxyglutamc aad '^JKSSrtDn S .sofa coagulation cofactors. 

5r»^SSS Jxa. Xa,«D). LAC. in me presence of Xa^O, does no, 
mhibil VII(aVTF activity. 
35 Brief Description of the Invention 

» ,n t*l£e*co*ig rec^. the firs, Kunitz a^^on^ ^Kl^M»).£apref.r«d 
Apptadon No. 318,451, published May 31. 1969. and Wuns, a,. . ™™ LAO prot.il! *- 
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(residues -40 to -1) and the light chain sequence {residues 1 to 1 31) tor a total of 171 amino acids in the preferred 
embodiment, X^LAC^, can also vary n length and composition or in the individual interna) ammo acids to (he extent 
that it does not adversely or detrimentally affect the biological activity of the hybrid protein as defined herein. 

The cONA sequence of a hybrid gene encoding for the Xl C LACI k , hybrid protein is shown in the following 788 bp 
sequence which includes portions of the 5'- and ^-noncoding regions. Nucleotides are numbered above the cONA 
sequence. The corresponding 250 amino acids of the hybnd protein are shown below the cONA sequence. 
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10 20 30 40 50 60 

GGATCCGAATTCGGATCCACCAT3GGGCGCCCACTGCACCTCGTCCTGCTCAGTGCCTCC 

M6RPUHLVULSAS 

70 80 90 100 110 120 

CTGGCTGGCCTCCTGCTGCTCGGGGAAAGTCTGTTCATCC6CAGGGAGCA6GCCAACAAC 
LAGLLLLGESLriRREQANN 

130 140 150 160 170 130 

ATCCTG6CGAGGGTCACGA3GGCCAATT2CTTTCTTGAA6AGATGAAGAAAGGACACCTC 
I L ARVTR^ANSFLEEMKKSHL 

190 20C riO 220 230 240 

3AAAGA6AGT6CATGGAAGAGACCT6CTCATACGAA5AG3CCCGC6AGGTCTTT6AGGAC 
EKECMEETCSYEEAREVFED 

250 260 270 290 290 300 

AGCGACAAGACGAATGAATTCTGGAATAAflTACAAAGATGGCGACCAGTGTGAGACCAGT 
SD . i : T N E F WNKYKDGD3CET S 

310 T20 770 340 350 360 

CCTTGCCAGAACCAGG3CAAATGTAAAGACG6CCTCG3GGAATACACCTGCACCTGTTTA 
P C G N C G K C y D 6 L 2 E Y T C T C L 

370 380 390 400 410 420 

GAAGGATTCGAAGGCAAAAACTGTGAATTATTCACAC3GAAGCTCTGCAGCCTGGACAAC 
ESFEBKNCCLFTRKUCSLDN 

430 440 450 460 470 480 

6SGGACTGT6ACCAGT7CT3CCACSA5SAACA6AACT2T6TG6T6TG2TCCTGC6CCCSC 

r : ■: :• c r r k z z o >< : v v : c c a ?. 



^eTACr^2CTGGCTG<C^ACG33A^-:3CT3CATT-:CA2A3GG-:3TACC2CACA3AT 
G Y T L A T N 6 :! A 2 I T £ r Y r T D 



550 360 570 590 590 600 

ACGGAGTTGCCACCACTGAAACTTATGCATTCATTTTGTGCATTCAAGGCGGATGATGGC 
T E L P P LK L WHSFCAF K A D O G 

620 620 630 640 650 660 

CCATGTAAAGCAATCATGAAAAGATTTTTCTTCAATATTTTCACTCGACAGTGCGAAGAA 
PCKA I riKRFFFNIFTRGCEE 

670 680 690 700 710 720 

TTTATATATGGGG6AT6T6AAGGAAATCAGAATCGATTTGAAAGTCTG6AAGAGTGCAAA 
F I YGQCEGNQNRFESUEECK 

730 740 750 760 770 780 

AAAATGTGTACAA6AGATAATGCAAACAGGATTATAAAGACAACAATGCATTGATGAAGC 
KMCTRDNANR1 I K T T rt H ♦ 

790 800 810 820 830 840 

TTGGATCC 

in the preferred embodiment illustrated herein, the hybrid gene waa inserted into a bovine papilloma virus (BPV) 
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expression vector and the gene was transfected into mouse C1 27 fibroblasts. Use of BPV in a process for producing 
recombinant DNA suitable for introduction and replication in eukaryotic cells is well known as can be seen e g from 
U S Patent 4,419,946. It will be appreciated that the novel hybrid gene can be used tor translation of other proton/otic 
and eukaryotic cells, e.g. fijoji cells or n Chinese Hamster Ovary (CHO) ceils and the like mammalian cells, for 
expression of the hybrid protein. 

An illustrative example of a conventional and suitable BPV expression vector ia the plasmid pMON1 123 This vector 
s based on the 100% viral genome ligated to the well-known p8R322 derivative of pML2 and utilizes the mouse met- 
allcthionein I promoter and the SV40 Late poly A addition site to regulate the expression of foreign genes. Its use for 
:he expression of LACI is described by Girard et al., Thromb. Res. 55 . 37-50 (1989). 

Detailed Description of the Invention 
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While the specification concludes with claims particularly pointing out and distinctly claiming the subject matter 
regarded as forming the present invention, it is believed that the invention will be better understood from the followrg 
detailed description of preferred embodiments of the invention taken in conjunction with the appended drawings m 
which, briefly: 

FIG. 1 is a schematic diagram of an illustrative hybrid protein of the invention, designated X^LAC^,. The layout of 
Factor X light chain structure is based on Leytua et al.. Biochemistry 25 . 5098-5102 (1966). The LACI^denved portion 
of the hybrid protein is shaded and is based on Girard et at Nature 338 . 518-520 (1969). The arrow indicates the 
probable cleavage site to generate the mature protein. 

FIG. 2 shows Western blots which illustrate the expression of the recombinant hybnd protein. Relative molecular 
masses of standards are shown at the right. 

FIG. 3 shows SOS-PAGE and silver staining of the purified X tc LACl KI (250 ng). The reduced sample contained 
1 25% 2-mercaptoethanol. Relative molecular masses of standards are shown at the ricjit 

FIG. 4 is a graphical representation which shows inhibition of Vll(a)/TF by purified LACI in the presence {•) or 
absence (O) of 0. 1 u.o/ml Factor X. 

FIG. 5 is a graphical representation which shows inhibition of Vll(a)/TF activity by barium sulfate eluted X^LACIur. 
m the presence (•); or absence (O) of 0. 1 up/ml factor X. 

FIG. 6 is a graphical representation which shows inhibition of TF-induced coagulation by purified X, r LACl« (OY 
and LACI (•). Kl [ 1 

FIG. 7 showa a Western blot which illustrates the presence of X^LAC^ in the media of C10.1 cells cultured wrth 
vitamin K or warfarin. 

FIG. 8 is a schematic of the proposed inhibitory complexes with LACI and with X^LAC!*,. indentations represent 
the active sites for vll(a) and Xa; and the protrusions represent UVCIs' three Kunitz domains, in the quaternary XaAJK- 
Ci/V!l(ayTF complex, Xa is bound at its active site to LACl's second Kunitz domain and VH(a) is bound at its active site 
to the first Kunitz domain of LACI. Xa's gla domain interacts m a Ca- dependent fashion with an as yet to be tientified 
site of the Vlla/TF complex The Xl C LACI k , hybrid protein likely substitutee for the Xa/LACI complex. 

Standard biochemical nomenclature is used herein in which the nucleotide bases are designated as adenine (A) 
thymre (T); guanine (G); and cytosine (C). Corresponding nucleotides are. for example, deoxyguanosme-S'-triphos- 
phate (dG TP). As is conventional for convenience in the structural representation of a DNA nucleotide sequence, only 
one strand is shown in which A on one strand connotes Ton its complement and G connotes C. 

Amino acids are shown herein either by three letter or one letter abbreviations as follows: 



Abbreviated Designation 


Amino Acid 


A 


Ala 


Alamtne 


C 


Cys 


Cysteine 


O 


A«P 


Asparticacid 


E 


Glu 


Glutamic acid 


F 


Phe 


Phenylalanine 


G 


Gly 


Glycine 


H 


His 


Histidint 


1 


lie 


isoleucne 


K 


Lye 


Lysine 


L 


Leu 


Leucine 



Continuation of the Table on the next page 
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(continued) 



Abbreviated Oesignatkn 


Amino Acid 


M 


Met 


Moth ion ina 

■V1BU llUf III 10 


N 


Asn 


Asparagine 


P 


Pro 


Proline 


Q 


OIn 


Glut amine 


fl 


Arg 


Argintne 


S 


Ser 


Serine 


T 


Thf 


Threonine 


V 


vai 


Valine 


W 


Trp 


Tryptophan 


Y 


Tyr 


Tyrosine 



Commonly available restriction endcnucteases described herein have the following restriction sequences and (in- 
dicated by arrows) cleavage patterns: 
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A£a I GGGCdt 
C^pCGGG 

Bam HI C^ATCC 
CCTA^p 

ECO RI dJ^ATTC 
CTTAAG 
t 

M«i I ATGC^fc 
TJACCTA 



In the sequences shown in FIQ. 1 . y refers to y^arboxyglutamic acid, and 3 refers to p-hydroxyaspartic acid, 
in a preferred embodiment of the invention, a hybrid gene encoding for Factor X*s preproleader sequence (which 
directs the y^arboxylation of glutamic acids) and light chain fused to a sequence encoding LACI's first Kunitf domain 
was designed (Fig. 1 ). Inserted into a bovine papilloma virus expression vector, this gene was transfected into mouse 
40 C1 27 fibroblasts. Expression of the hybrid protein molecules into the media by a transfected clone, designated C10.1. 
was detected using Western blot analysis. Both a monoclonal antibody to Xas light chain and a polyclonal IgQ fraction 
to the NH a -terminal sequence of LACI resulted in similar staining patterns with the domnantty stained material migrating 
at 30.000 molecular wetgjit (MW) and a leee intensely stained band at 28.000 MW (Rg. 2). A diffuse band with MW 
52.000 was also observed and although it could represent oJtoomenc hybrid complexes, the idemifcation of this material 
^ remains unclear. 

SOS-PAGE and eifcer staining showed thai the purified hybrid proteri consists of a dominant 30,000 MW band with 
minor bands of 31,000 and 28,000 MW. This staining pattern was also observed under reducing conditions, thereby 
indicating that the multiple bands are not simply due to alternative disulfide bonding (Fig. 3). 

The ability of the expressed X^LAC!*, molecules to inhtoit VllfayTF activity was investigated. Vtl(a)/TF activity was 
50 determined by the release of the activation peptide from its substrate factor IX [Qirard et al. Thromb. Res 55 . 37-50 
(1988)]. Assaying extracted gel sBcee following SOS-PAGE of theCtO.1 cells' conditioned media showed that functional 
inhibitory activity co-migrates with immune-stained material having a MW of 30,000. No inhibitory activity was observed 
for the 28.000 or 52.000 MW materials. As previously demonstrated [Broze et al. Blood 71 . 335-343 (1 988)) Fig 4 
illustrates that the inhibition of VHfayTF activity by LACI is dependent upon the presence of Factor Xa. In contrast 
u inhibition of VII(ayTT activity by the X^LAC!* Hybrid was not dependent on Xa (Fig. 5). 

X^LAC!*, was compared to LACI for the ability to inhibit TF-induced coagulation of normal plasma as measured 
m a modified prothrombin time assay. Fig. 6 shows that 50% apparent TF inhibition occurred with 36 ngrmi X^LAC^ 
while 2.5 nc/ml LACI was required for the equivalent effect. The greater relative inhibitory activity of X^LAC!*, in thie 
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AhiMtan <* WM-TTF becomes rnanrfes. ^^^^JSi 1 ^ al8 b pre** surface com* abated 

partly due to its direct MAfton of Xa SI ™ *J h .^^ (aPTT). 

coagulation ol normal plasma, as measured by the ™ mranwp , t m 

The rcarboxylat* , of glutame ^ J-j^^J^^ci; cuKur. med«reeu«. in an - 60 Wd 
which is inhibited by warfarin. Replacement ol vitamin K <Mi wanarr ™o _ 
Xion in VII('iyTF inhibitory activity (Table 1 ). while <«™?*'< 1 olie, SLsta^U. 
(S. 7). Bariurr; surtate. wheh selectvely adsorbs f <^ 9 ^ 0. vitamin K . 

.928-493. „975„ bindsthe * ™ ^ ^ 

■ndicating that the functional X^LAC!*, • „ e inventors mat tna laci* portion of the hybrid 

assent*! tor » Vll(ayTF inhibitory W a «^^.^ n9ith , r Faclor x . Xa nor activated Xa (Xa 
pre™ ax*, i. not sufficient for the obeyed ^^^^^^^yrf *h*«ory actrvrty though 

pcrtons of the hybrid protein ar e * "'g^^^ Htto* comptexes is 

A schematic illustrating the formation 0 1 the J WLACW ^^^^^J^^^g^^mrg 
shown in Fig 8. It is believed by the inventors that M ^^.'^^*^^ m ^ m requ ir,ng the generation 
Vlle/TFLACI's inhibition of VIKa/TFactrvty occurs ^ ^^^^-^^yri^^ 



specific example*. 
25 EXAMPLES 
F1Q. 1 



Sheeted mutagenee* was perfc^ed ^J^^Z^S^oS^^ 
• (1 989)] to create a Nsj I site between LACI e ™"«*^*^^2£no NsTTdigestion. the region encoding 
Mlsit.e«.tsup*eamfr«xnmefi^^^^ 

^Cl's first Kunitz domain was isolated and ^ ^ * "ir^jff^' vbdtoon WU containing a cON A insert encoding 
wa.d.rtvedfromacamrnercial*av^^^ 

for human Factor X with the naturally occurnngS£2 ' , oGEMXl r comans a modified partial 

35 ammo acid sequence (from A. Strauw. Washington 

o.^.r.er^foraddn«,a 1 Fact W X.ig^cha^ and 

restriction site palindromes. The pGENWw^'w ' ™«i «w — - ^ ^ p SV2neo to cc-transfect 
<o virus express** vector pMON1123 and the reeutong ^^f^f^ 
Ci 27 mouse fibroblaste [Girard et al.. Thromb. Res. SS. 37-50 (19BB» 

FIQ.2 

« For the Wtem M five m concen^ ^^^^f,?™^ SZ£ 
,10., ****** C^^ngpurm- ^^^,0^^^ 'a^Lncai^etoped by 
to nitroceltutoee, probed wHh artRAO^Mrt "l^TssI I7-5C Ui98ffl 
conventional procedure aa dsecrlbed by Qirard et al, Thromb. Ree. 55 . 37-50 (1988). 

» 07/77,366, filed Juty 23. 1987 and Braze et al., BJ2S9171, 335-3*3 (1988)1. 
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FIGS. 4 and 5 



is 
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oc Tt^T °' LAC ' WaS Carri8d ° Ut by conventK3nal Procedure as described by froze et al . Thromb Res 48 
253-259 (1 988). ^LACI* was partially purified Irom 200 mi of C 10. 1 serum-free condrtioned media by banum sulfate 

^^XfJ^n^T* ° IUled 02 M SOdiurn Citrate - Th8 prapafat ™ then <=^centrated and 
dialyzed .nto TS buffer (100 mM NaCi. 50 mM tr.s-HCI ( pH 7.4); final volume = 1 mi. VII(a/TF inhibrtion was assayed 
jsmg a previously described 3 H-IX activation peptide release assay [Girard et al.. Thromb. Ras 55 37-50 (1988)1 

TTt ! h f/M he u aCt ° f V H 10 aMaV W8S repl8Ced ^ V " a 3inCe in 30,08 assay9 (or Xa) is present to actuate 
.he VII to Vila. Heparin (2 units/ml) was also present .n the assay system. In this assay the actuation of IX by vUtaVTF 
s measured as release of TCA soluble tritiatad actuation peptide from radiolabeled IX and VII(a)/TF inhibrtory activity 
results in decreased TCA soluble cpm. [TCA = tricnloroacetic acid]. Nanograms LACI equivalents were determined from 
a standard LACI concentration curve. 



FIG. S 



TF-induced coagulation was measured by a modified prothrombin time assay in a fibrometer (8BL Cockeysville 
MO) by incubating 60 uJ rabbit brain cephalin. 60 u,l crude EDTA-washed TF [Broze & Majerus. J Biol Chem 2Ss ' 
1242-1 247 (1980)], 10 u.l sample and 60 ul normal human plasma (George King, Overland Park, KS)at37«C After 30 
seconds. 60 uj CaCfe (25 mM) was added and the time to clot formation determined. In the absence of the inhibitors 
the clottng time of the assay was 29 seconds. A standard curve plotting TF concentration versus dotting time (log-loq 
plot) was used to determine apparent TF activity at various inhibitor concentrations in the assay. 



Table 1 



This table shows the effects of vitamin K 
versus warfarin on the expression of VII(a)/TF 
inhibitory activity and the ability of barium sulfate 
to adsorb this activity. 



Comparison of VII(a)/TF inhibitory activity expressed by C10.1 
cella frown in the presence of vitamin K versus warfarin 



expressed inhibitory activity 
(na LACI equivalence/ml acd is) 



vitamin I 

media 590 

BaS0 4 aonadsorbed 3 

BaS0« adsorbed 420 

warfarin 

media 7 

BaS0 4 nonadaorbed 1 

BaS0 4 adsorbed 0 



55 



Upon reaching confluence. C10.1 cells expressing X^LAC!*, were transferred to serum-free conditioned media 
( rtml)orw*t*m(20»Q/m\). The culture medias were replaced on days 0, 1 and 2 and harvested 
on day 5. Ten ml of each media were barium suffate adsorbed as described under Fig. a above, and adsorbed oroteins 

TJ^^l'^T^ ™*as were each dialyzsd mlo TSbulferandccocentra^; ftr^SS 
- 1 ml each. Samples were dHutad appropriately in TBSA buffer and assayed for inhibition of VII( a yTF activity. Nano- 
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grams LAC. equals war. <W«M «rom a standard LAC, concantratkx, curve. 
FIGURE 7 

io scope ol the appended claims. 
Claims 

m «, »rid seouence composed of two subsequences corresponding to 
,s 1 A single<hain hybrid protein having an amino acidsequence compos 
m9 ,i g htch a no7Fa«c<Xandl^CrsflrstKun t zdoma 1 n. 

m 3 The S W^ridprc<e*o.e^ 

4 Thes^a.hybrid P ro,.,o,e^C, ai m 1 oc 2 ,or us. a. a b«»d ooaou^ 

, T.es^h^pro.e.ote ^rC-.m, — 

25 a, u.eo.asing.e^nhybraprc^^^^ 

use as a blood coagulation inhibitor in a mammal. 

Patentanepruehe 

„ Amin ^ re9 eauen2 da aua zwel Untaraequenzen zuaammengeseta ist. ent- 

I --«■-«"" ^„=^«— 

SAugw. 



3S 



zur 1 
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7. ONA-SeW.w^^^Hy^^ 

a. DNA-Sequan, we*e ere -Or das Hytndprots. des Anepruchs 2 trends Sequ«mz 
R«vtndlMt1oiw 
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pondant a ta chatno legere du facteur X at au premier domaine de Kunitz du LACI, 

Z Proline hybride a chaTne unique, dont la sequence d'acides amines est representee sur la figure 1 (figure 1 A + 
figure 16) deedessins. 

3. Proline hybride a chaTne unique, conforme a rune ou I'autre dee revendications 1 et 2. destinee a etre utilise 
comme medicament 

4. Prot6me hybride a chaTne unique, conforme a I'une ou I'autre dee revendicatons l et 2. destines a etre utilisee 
comme mhibiteur de la coagulation du sang 

5. Prottine hybride a chaTne unique, conforme a Tune ou I'autre des revencications 1 et 2. destinde a etre utilise 
chez un mammifere comme inhibiteur de a coagulation du sang. 

8. Emploi rfune proteine hybride a chalhe unique, conforme a I'une ou I'autre des revendcations 1 et 2. pour la pre- 
paration d'un medicament destine" a etre utilise chez un mammifere comme inhibiteur de la coagulation du sang. 

7. Sequence d" AON comportant una sequence codant une proteine hybride conforms a la revendication 1 . 

a Sequence d'AON comportant une sequence codant une proteine hybride conforme a la revendication 2. 
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FIG. 2 



jt 



Anti-X Anti-LACI 



-IIOK 
-84K 

-47K 




m: «i «- -97K 



FIG. 3 
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[LACl] (fl 9 ML* 1 ) 

F/6. 4 
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3 



2- 

RADIOACTIVITY '. 
RELEASED 
(cpn x 10" 4 ) ■ 
1 - 



1 




[*LC LAC, Kl] 
(nq LACI EQUIVALENTS ml 

FIG. 5 
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FIG. 7 
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